Objective: Although survival rate of preterm infants in Korea has increased in the past several decades, it seems to be stable recently. The objective of this study is to evaluate the mortality rate of preterm infants in a single center in Korea between 2009 and 2018. Methods: Preterm infants with gestational age (GA) <30 weeks who were admitted to Busan Paik Hospital (January 2009 to December 2018) were enrolled. Results: The overall mortality rate was 20.8%. Mortality rate decreased from 21.9% in 2009 to 9.2% in 2012. It then increased and reached a plateau at 20%. Mortality rate was 80.0% in those with GA of 22 weeks. It then decreased with increasing GA. It was 2.9% in those with GA of 29 weeks. The risk of death decreased by 0.573 times when GA increased by 1 week. Death immediately after birth was high in infants with GA of 22 weeks. It was rare in infants with GA ≥25 weeks. Death within 24 hours after birth was high in infants with GA ≤24 weeks who were delivered precipitately without appropriate perinatal support. Sepsis was the leading cause of all deaths. High grade intraventricular hemorrhage was the second common cause of death, especially in infants with GA ≤24 weeks. Conclusion: Mortality rate of preterm infants in this study did not decrease. Modifiable factors in cluding delivery with appropriate supports of neonatal resuscitation team and sufficient maternal obstetric care, especially maternal infection control might reduce mortality, especially immediate postnatal death.
Introduction
Survival rate of preterm infants has been improved in the past several decades because of advances in neonatal and perinatal care. 1, 2 The survival rate of extremely preterm infants who are at the limit of viability is also improved. Consequently, there are growing concerns of more survivors with major morbidities who were born extremely premature. 3 10 In contrast, the survival rate of VLBWIs is not improved re- 11 Mortality rate of preterm infants is an important indicator of overall quality of NICU. Mortality rate of preterm infants accounts for a large proportion of neonatal mortality rate. 12 We can reduce neonatal mortality by reducing preterm mortality which is an important issue for social health. Data according to birth weight can be distorted by growth restricted infants and small for GA infants because they are more mature than those with the same birth weight. Hence, this study was conducted to evaluate the mortality rate of preterm infants with GA <30 weeks according to era and GA in a single center over 10 years. Time of death and causes of death were also evaluated.
Methods
This study was approved by the Institutional Review Board 725.0±231.8 g, P<0.001). Apgar scores at 1 and 5 minutes were lower in the dead group than those in the survived group.
Maternal PIH, an tenatal steroids therapy, and histologically confirmed chorioamnionitis were similar between the two groups. RDS and sur factant re-dosing were also similar between the two groups. However, PDA was more frequent in the dead group than that in the survived group (60.4% vs. 72.2%, P=0.030) (Table 3) . Three of these eight infants were dead at delivery room and one of these eight infants was dead as soon as admission to NICU.
These four infants who were dead <24 hours were delivered precipitately immediately after the mother was transferred to Busan Paik Hospital even in the emergency room or in the ambulance while the mother was transferring. Mortality rates of infants with GA of 26 weeks and 28 weeks in this study were higher than those in the KNN report of 2015 9 15 On the contrary, the mortality rate of infants with GA ≥26 weeks in the NICHD NRN data was much lower than that in the present study (26.5%, 13.6%, and 11.8% in this study vs. 16.3%, 12%, and 7.7% in NICHD NRN data for GA of 26, 27, and 28 weeks, respectively). The survival of extreme preterm infants was better in our data. However, survival of infants with GA ≥26 weeks in the present study was not so good as those in other studies. This might be due to inter-center variations of resuscitation guidelines of periviable extreme preterm infants at the limit of viability such as active treatment or no intubation.
Willingness to provide active treatment to these preterm infants decreases with decreasing GA. 15 Among preterm infants with birth weight <400 g, 85% of those with GA of 22 weeks and 51%
of those with GA of 23 weeks did not receive active resuscitation in Brumbaugh et al.'s study. 16 However, only 2% of those with GA of 24 weeks did not receive active resuscitation. 16 The primary mode of death in very preterm infants when medical treatment was useless was withdrawal (52.7%) or withholding (21.3%) of care compared to full resuscitation (26%). 17 Withdrawal or withholding of life support discussion occurred in 27% of infants with GA of 22-24 weeks compared to only 5.6%
in infant with GA of 27-28 weeks by NICHD NRN report. 18 Endof-life decision is very sensitive in Korea. People are unwilling to mention it legally or ethically. Some decreased mortality 15 have commented that death within 24 hours might be related to not giving active treatment to these extreme preterm infants.
Sepsis was the leading cause of death in the present study, consistent with results of other studies. 19, 20 Preterm infants have up to ten times higher incidence of infection than term infants, 21 and 22% of VLBWIs was affected by sepsis by KNN data.
Streptococcus agalactiae is common in term infants, whereas
Escherichia coli is common in preterm infants. 21 Maternal genital tract or urinary tract infection with Escherichia coli is related to fetal loss, preterm delivery, and early neonatal death due to sepsis. 22 In the present study, the most common pathogen of early onset sepsis was also Escherichia coli associated with maternal genital tract infection. In contrast, Staphylococcus was common in late onset sepsis in the present study. Coagulasenegative Staphylococcus is the most common pathogen of late onset sepsis in preterm infants, accounting for 31-54%. 23 Risk factors of late onset sepsis apart from prematurity and low birth weight include prolonged use of intravenous catheter, parenteral nutrition, mechanical ventilation, and prolonged hospital stay. 24 Mortality rate of sepsis is known to be high in infants with low GA: 54% in GA of 22-24 weeks, 36% in GA of 25-58 weeks, and 12% in GA of 29-33 weeks. 21 Candida parapsilosis was isolated in an infant boy with GA of 23 weeks and 2 days and birth weight of 520 g. He died on the 20th postnatal day in this study. Thus, we need to be aware that fungal infection is also fatal. Fungal infection is still the third most common cause of late onset neonatal sepsis after Gram-positive sepsis and Gram-negative sepsis. 25 High grade IVH (grade 3 or 4) was the second common cause of death in the present study, especially in preterm infants with GA ≤24 weeks. High grade IVH up to 7.9% of VLBWIs by KNN data can cause death or post-hemorrhagic ventricular dilatation in more than 50% of affected infants. Survivors are known to have permanent neurologic sequelae such as developmental delay and cerebral palsy. 26 There is no effective treatment until now to ameliorate brain injury after IVH except mesenchymal stem cell transplantation 27 which is now on phase two clinical trial. New treatment for permanent neurologic sequelae of IVH is urgently needed.
RDS and associated tension pneumothorax were main causes of early death, especially in infant with GA of 22-24 weeks, although surfactant was instilled immediately after birth. 28 Pulmonary hemorrhage and PDA were also causes of early death.
BPD and NEC were main causes of death after 28 days of life.
Two infants died because of sudden onset of circulatory collapse.
One baby born with GA of 28 weeks and 1 day (birth weight of In conclusion, mortality rate did not decrease over ten years (January 2009 to December 2018) in this study. We can't help the birth of extreme prematurity. However, there are modifiable factors to reduce mortality, especially immediate postnatal death of extreme preterm infants. Increasing survival without major morbidities, besides decreasing mortality is another important task.
